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EFFECTS OF ENGINEERING ACTIVITIES ON 
THE ECOLOGY OF PISMO CLAMS 


by 
James Nybakken and Mark Stephenson 


I. INTRODUCTION 


The Pismo clam (7tvela stultorum) is an important sports and 
commercial bivalve mollusk inhabiting open sand beaches from Half Moon 
Bay, California, to Socorro Island, Mexico (Herrington, 1930). This 
study covers the gonad and spawning cycle, distribution, and reproduction 
cycle of the Pismo clam, summarizing the results obtained during a 2-year 
study from January 1972 to January 1974. However, because of vandalism 
and weather, the growth shelter section is incomplete. 


II. DISTRIBUTION 


1. Introduction. 


Before this study, information on the qualitative and quantitative 
distribution of Pismo clams in Monterey Bay was limited. The California 
Department of Fish and Game provided an aerial survey of Monterey Bay 
conducted during low tide on 15 January 1969. At that time 87 clammers 
were found between the Salinas River mouth and Elkhorn Slough, 57 between 
Elkhorn Slough and the Pajaro River, 156 between the Pajaro River and 
Monterey Bay Academy, and 62 between Monterey Bay Academy and Rio del Mar 
(Dahlstrom, 1973, personal communication). Assuming that clammers are 
found where clams are, a rough estimate was made on the location of clams 
in Monterey Bay. 


The only quantitative data available were obtained by the California 
Department of Fish and Game in 1968. Transects were used to acquire the 
data by digging a 6-inch-wide by 6-inch-deep trench from high tide level 
down to low tide level. Six clams at Sunset State Beach, four clams about 
1 mile and six clams about 1.5 miles south of Sunset State Beach, and 
three clams at Zmudowski State Beach (Dahlstrom, 1973, personal communica- 
tion) were obtained from these transects. However, the transects were 
of limited value for estimating the density and dispersion patterns due 
to the small area surveyed and the lack of replicates. It was necessary 
to devise a new system to adequately sample the clam population so these 
estimates could be made. Since the California Department of Fish and 
Game surveys covered only a few areas, it was also necessary to sample 
representative sites for clams around the bay. 


Although there were rumors of extensive subtidal populations of 
Pismo clams in various localities in Monterey Bay, these beds were not 
documented. Determination of the beds is important for protection from 
exploitation or damage from dredging or dredged material if the 


populations are large and the major source of gametes supplying recruit- 
ment to the heavily clammed intertidal areas. Fitch (1965) provided the 
only evidence of the beds, reporting large numbers of clams at one 
subtidal location in southern California. 


This study determines the intertidal and subtidal areas of presence 
and absence of Pismo clams in Monterey Bay and, for those areas where 
the clams were present, estimates density, dispersion pattern, and 
vertical distribution. A comparison was also made of physical charac- 
teristics of beaches with and without clams. 


2. Methods and Materials. 


Intertidal samplings were taken at 10 randomly selected locations 
in Monterey Bay (Fig. 1). Sampling at eight locations began during 
June, July, and August 1972. A sample was taken at the Salinas River 
mouth in November 1972, and at Fort Ord in December 1972. Rio del Mar, 
Monterey Bay Academy, Sunset State Beach, Zmudowski State Beach, and 
Moss Landing were resampled during June and July 1973. Twenty 1-square- 
meter samples from each station were randomly selected within a 18- by 
24-meter grid placed so the lowest edge was at approximately the -1.0-foot 
tidal level. Each square meter was raked with a small hand rake with 
tines that penetrated 6 inches. A 0.25-square-meter area was subsampled 
by taking 13 cores (0.018 square meter) that penetrated 6 inches into 
the sand. The contents were emptied into a sieve box and sieved in the 
surf (Oliver and Slattery, 1973). The rake provided an adequate sample 
of clams greater than 39 millimeters in length since these clams could 
not pass between the tines. The core samples were quantitative for 
clams from 10 to 39 millimeters long. The lower limit was dictated by 
the mesh size of the sieve box. Each clam was measured, the quadrat 
of occurrence noted, and then reburied. Five sediment cores were also 
taken at each of the distribution study sites. 


Subtidal samplings were taken offshore of each intertidal sampling 
station at the -15-foot tidal level in July, August, and September 1972, 
except for the Fort Ord station which was not sampled due to heavy surf. 
Because of wave action, the -15-foot tidal level was the shallowest 
depth the samples could be obtained from a boat. No subtidal sampling 
was done in 1973 because of the low number of clams found in 1972. 

The sampling device was a modified portable gold dredge (Brett, 1964), 
which has also been used in surveys for macrofauna (Hughes and Thomas, 
1971) and has been compared with other benthic samplers (Hodgson, 1973, 
unpublished). The gold dredge is powered by a 7-horsepower portable 
gasoline engine which pumps high-pressure water to the diver below. 
Water enters the middle of an L-shaped tube 6 inches in diameter and 
discharges at one end of the tube, causing a powerful suction at the 
other end which lifts sediment and clams. A bag of 3-millimeter nylon 
mesh is attached to the discharge end to catch the clams, and sediment 
is expelled through the mesh leaving the clams and larger particles. 
Twenty l-square-meter samples to a depth of 6 inches were taken at each 
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Figure 1. Map of Monterey Bay and sampling sites. 


Station. Sample locations were selected at random with the diver 
sampling a square-meter area, moving about 10 to 15 feet away for the 
next sample. The divers introduced little bias in the selection of 
sample sites because visibility was usually limited to 5 feet or less, 
the bottom was homogenous, and clam siphons were not visible. The 
sample was collected in the mesh bag, brought to the boat, and examined 
for clams. The clams were then measured and returned. The remainder 
of the sample was put into jars and preserved in 10 percent Formalin 
solution. 


The spatial dispersion of Pismo clams at each of the locations was 
determined by a chi-square test of the variance to mean ratio (see App.) 
(Elliott, 1971). Small (less than 39 millimeters) and large (greater 
than 39 millimeters) clams were separated by length for comparison and 
testing dispersion because of different sized sampling units. 


3. Results. 


The intertidal and subtidal population densities, mean densities, 
and 95 percent confidence limits (C.L.) are given in Table 1. The mean 
densities at each location were tested between 1972 and 1973 for signifi- 
cant deviation by one-way analysis of variance (Woolf, 1968). No 
Significant differences in mean density were found at any of the locations; 
however, in all cases subtidal densities were lower than intertidal 
densities. Moss Landing had the largest subtidal population with a 
density of 0.4 clams per square meter. The greater intertidal densities 
were at Monterey Bay Academy and Sunset State Beach. Densities decreased 
north and south of these beaches. A single juvenile clam was found at 
Santa Cruz; no clams were found south of the Salinas River which includes 
Marina Beach and the beaches at Fort Ord and Monterey. The densities at 
the different locations were tested for significant deviations by using 
a Student-Newman-Keuls multiple range test (see App.) (Woolf, 1968). 
The results are given in Table 2. Density of small and large clams was 
greater at Monterey Bay Academy in both years. Density of small and 
large clams at Sunset State Beach in 1972 and 1973 was next highest. 
Clams were also surveyed on 13 December 1973, at Pismo Beach, California, 
for comparison with densities in Monterey Bay. The mean density of large 
clams at Pismo Beach was 0.7 clams per square meter (95 percent C.L. + 
0.46). This was similar to the 1973 densities at Rio del Mar, Moss 
Landing, or Zmudowski State Beach (Probability, P = less than 0.01),. but 
significantly less than the densities at Sunset State Beach and Monterey 
Bay Academy. The mean density of small clams at Pismo Beach was one 
clam per square meter (95 percent C.L.), which was similar to the 1973 
densities at Monterey Bay Academy or Zmudowski State Beach (P = less than 
0.01), but significantly higher than the densities at Moss Landing, 
Sunset State Beach, and Rio del Mar. 


The size-frequency structure of the clam population is given in 
Figure 2. Small clams 10 to 35 millimeters long were abundant only at 
Monterey Bay Academy and Sunset State Beach in the summer of 1972, and 


Table 1. Intertidal-subtidal densities of Pismo clams in Monterey Bay. 
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Figure 2. Size-frequency distribution of Pismo clams at 
selected beaches, 1972 and 1973. 


of Clams 


Number 


X=3.75 Sunset State 


8 Beach 
4 30 June 1973 
O 
Zmudowski State 
12 = 
X=1.10 Beach 
8 28 June 1972 


Zmudowski State 
X=2.15 Beach 
3 July 1973 


4 
O 
12 x 
X=0.65 Moss Landing 
8 I) July 1972 


X=0.85 Moss Landing 
8 2 July 1973 


X=0.65 Moss Landing 
8 1) Oct 1973 


O 20 40 60 80 100 120 140 
Size of Clam (mm.) 


Figure 2. Size-frequency distribution of Pismo clams at 
selected beaches, 1972 and 1973-—continued. 


in 1973 probably comprised the 40- to 70-millimeter-size classes. Most 
of these clams were probably spawned during the summer of 1970. The 
number of juvenile clams 10 to 35 millimeters long on these two beaches 
was significantly less in 1973 than 1972, suggesting a poor year for 
survival (Mann-Whitney U test (see App.), P = <0.05). 


In testing the vertical distribution of clams, seven intertidal 
heights ranging from the -0.2- to 3.4-foot tidal level were sampled at 
Monterey Bay Academy to determine if clams were more abundant at different 
tide levels. The results (Fig. 3) showed no clams above the 2.6-foot 
level. Densities of clams from levels -0.2 to 2.6 feet were tested for 
significant differences with the Student-Newman-Keuls multiple range 
test (Woolf, 1968). There was no significant deviation in densities 
among levels which indicated very little change in densities within the 
vertical range. 


Results of the spatial dispersion studies are given in Table 3. All 
clams less than 39 millimeters long and most clams more than 39 milli- 
meters long were randomly dispersed except for an apparently contagious 
dispersion of clams from Rio del Mar in 1972 and Monterey Bay Academy in 
1973, and a regular dispersion of clams from Moss Landing in 1972. The 
test used in the analysis of the variance-mean ratio is only used 
effectively as a comparative index’ of dispersion when the means and 
number of clams for each sample are similar (Elliott, 1971). Since the 
means and number of clams were not similar in this test, comparisons 
could not be made among the various beaches; the degree of clumping in 
the samples which showed contagious dispersion patterns could not be 
determined. Most of the clams were randomly dispersed, and in a few 
instances where this was not the case, additional data to test the 
significance or degree of departure from randomness were not available. 


4. Discussion. 


During the study period, Pismo clams in Monterey Bay occurred between 
the Salinas River and Rio del Mar with the heaviest concentrations at 
Sunset State Beach and Monterey Bay Academy. No clams were found south 
of the Salinas River, and only one clam was found at Santa Cruz. The 
aerial survey of Monterey Bay conducted in 1969, by the California 
Department of Fish and Game (Dahlstrom, 1973, personal communication) 
showed a similar distribution of clammers. Most of the clammers were 
concentrated near beaches where the highest densities of clams were 
recorded during the study period. No clammers were found at Santa Cruz 
or south of the Salinas River. 


Surprisingly, the density of large Pismo clams south of Monterey Bay 
at Pismo Beach, known among sports fishermen for its large clam popula- 
tion, was significantly lower than at Sunset State Beach and Monterey 
Bay Academy. During the years of commercial clamming, more than 10 times 
as many Pismo clams were harvested at Pismo Beach as in Monterey Bay 
(Herrington, 1930). The reason for the lower density of Pismo Beach is 
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not known, but it is believed to be the result of heavy fishing. It 
is also possible enough samples were not taken to adequately estimate 
the density. Although density is lower at Pismo Beach, the number of 
clams available to clan.ners may be greater due ta a larger surface 
exposure during low tides. This area is a result of a flatter beach 
slope at Pismo Beach in comparison to the beaches of Monterey Bay. 


Large populations of subtidal Pismo clams were not found in Monterey 
Bay as reported by Fitch (1965) at Zuma Beach in southern California. 
The highest density, 0.4 clams per square meter,was found at Moss Landing 
which is considerably lower than the six clams per square meter found by 
Fitch (1965) at Zuma Beach. Diving observations during the clam 
collection for the reproductive study suggested the density at Moss 
Landing may have been higher than 0.4 clams per square meter. As many 
as six clams were frequently collected from an area of approximately 
1 square meter. Large numbers of subtidal clams were also found at 
Pismo Beach where 20 clams were collected on one occasion out of an area 
estimated to be smaller than 2 square meters. 


Densities of Pismo clams did not deviate significantly at seven 
different intertidal heights; however, the different levels were only 
sampled on one beach. Weymouth (1923) and Baxter (1961) reported that 
l-year-old Pismo clams were mainly found in the middle part of the 
intertidal range; the tide level at the middle part of the tidal range 
was not reported. During this survey, very few clams of that age (10 to 
39 millimeters long) were found at any tide level (Fig. 3). But this 
could be an artifact of sampling only one beach. No clams were found 
above the 2.6-foot tidal level in Monterey Bay. 


In most areas surveyed Pismo clams were randomly dispersed. This 
type of dispersion has also been found in other bivalves, i.e., 
Serobtcularta plana (Hughes, 1970), Mulitna lateralis (Jackson, 1968), 
Gemma gemma (Jackson, 1968), Cardium edule (Kosler, 1968), and Macoma 
balttea (Kosler, 1968). Large Pismo clams and other bivalves regularly 
dispersed have been reported in other studies. Tellina tenuts, for 
example, is regularly dispersed in low densities and randomly dispersed 
in high densities (Holme, 1950); Mya arenarta shows a clumped dispersion 
pattern (Gaucher, 1965). 


5. Conclusions. 


The highest intertidal densities of Pismo clams in Monterey Bay were 
found at Monterey Bay Academy and Sunset State Beach. Densities 
decreased to the north and to the south of these beaches. No clams were 
found south of the Salinas River; only one juvenile clam was found at 
Santa Cruz at the north end of the bay. The density of large clams 
south of the bay at Pismo Beach was significantly less than densities at 
Monterey Bay Academy or Sunset State Beach. The mean densities of Pismo 
clams at seven intertidal heights did not differ significantly indicating 
there was no vertical preference. In most of the surveys the clams were 


randomly dispersed. Subtidal clams were few and occurred at a maximum 
density of 0.4 clams per square meter (95 percent C.L. = 0.465) at 
Moss Landing. 


III. SEDIMENT STUDIES 
1. Introduction. 


There are no previous studies that relate sediment parameters to 
distribution patterns of Pismo clams, but a few studies exist for other 
species of bivalves. Maurer (1969) reported that the distribution and 
abundance of most species of bivalves at Tomales Bay in western 
California are strongly influenced by sediment type. Dunhill and Ellis 
(1969) suggested sediment type may play an important role in regulating 
the distribution of Macoma along Victoria, British Columbia. Pratt and 
Campbell (1956) found the growth of the quahog Mercenarta mercenaria was 
curbed in sediments with a high silt-clay content. Swan (1952) observed 
that the growth of the clam, Mya arenarta, may be strongly affected by the 
type of substrate. The clams grew about twice as fast in sand as in a 
compact mud-gravel-shell mixture. Sediment parameters play a strong 
regulatory influence on the distribution and abundance of certain clams. 
In this study, certain sediment parameters were correlated with the 
presence and abundance of Pismo clams. 


2. Methods and Materials. 


Five sediment cores were taken at each site from 1-square-meter 
quadrats which were randomly selected within the 60- by 80-foot grid 
system. Cores 3.5 centimeters in diameter were taken with a plastic 
corer, 56 centimeters long. Sediments were analyzed by the Emery tube 
method (Emery, 1938) because it is a better measurement of the "hydraulic" 
size value for particles of unusual shape, density, or porosity (Folk, 
1966). Since beach and intertidal sediments are under the influence of 
the marine environment, sediment parameters are best described by 
hydraulic properties. Sediments were analyzed for mean grain size, 
sorting, skewness, and kurtosis, using equations by Folk and Ward (1957). 


Beach profiles were obtained for some beaches by sighting the horizon 
(Emery, 1961). 


3. Results. 


Sediment parameters were analyzed to determine if there was a relation 
of sediment type to the distribution of Pismo clams. Because clams, 
particularly juveniles, are not found deep in the sand, only the top 
2 inches of the sediment cores were analyzed. 


An analysis was made to determine if there was a difference in the 
mean grain size of sand between beaches with and without clams. Because 
the kurtosis estimates were not within the limits of a normal distribution 


(Folk and Ward, 1957), a nonparametric Mann-Whitney U test was used 

to compare mean grain sizes and sorting coefficients. There was a 
significant difference in mean grain size between beaches with clams 

and beaches without clams (P = 0.05). Beaches with clams had sand of 

a smaller grain size. There was no significant difference in the sorting 
coefficient between beaches with and without clams. 


Tests were made to determine if there was a correlation between clam 
abundance and grain-size. Samples from all stations were combined to 
obtain a large enough sample, and a nonparametric Spearman rank correla- 
tion test was used because the distribution of clams was not always 
normal. Correlation tests were performed between clams less than 39 
millimeters long, greater than 39 millimeters long, and all sizes versus 
mean grain size. Tests were also made to determine correlation between 
number of clams and sorting coefficient sand. The correlation coefficients 
(r,) are listed in Table 4. There was no significant correlation between 
numbers of clams and mean grain size (P = greater than 0.05), but a | 
significant correlation (P = less than 0.05) was found between all sizes 
of clams versus mean grain size, clams less than 39 millimeters, and 
the sorting coefficient. There was no significant correlation between 
clams greater than 39 millimeters and the sorting coefficient. 


Table 4. Correlation coefficients (r,) between 
clams and sediment parameters. 


All sizes 0.214 


<39 mm 


>39 mm 


1. Significant at P <0.05 
(Table T5(0.05) = 0.336). 


Slopes of beaches with clams and without clams are listed in Table 5. 
An estimate of the slopes was derived by smoothing the profile from high 
water mark to the corrected 0.00 tide level. The Mann-Whitney U test 
was used, and a significant difference was found between slopes from 
beaches with clams and without clams (P = less than 0.05). Beaches 
without clams had a steeper slope than beaches with clams. Graphs of 
these beach profiles are presented in Figure 4. 


4. Discussion. 


A significant difference in mean grain size was found between beaches 
with and without clams. The grain size from beaches with clams was smaller 
(0.25 +0.09 millimeters) than beaches without clams (0.50 40.3 milli- 
meters). Slopes were significantly steeper for the beaches without clams. 
The relationship between beach slope and grain size is,translated into 
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Table 5. Beach profile slopes (foot per foot) of 
beaches with and without clams. 


Beaches with clams Beaches without clams 


Moss Landing Marina Beach |Salinas River Mouth 


2\ 


Feet Above Mean Sea Level 


Feet Above Mean Sea Level 


— — Marina Beach 8/9/72 
—--—Moss Landing 8/9/72 
———Salinas River 8/9/72 
----+—Manresa Beach 8/10/72 


O 50 100 150 200 250 
Distance (feet) 


— —Marina Beach 10/20/72 

—-—Moss Landing 10/21/72 

——Salinas River 10/21/72 
Manresa Beach 10/24/72 


(0) 50 100 150 200 250 
Distance (feet) 


Figure 4. Profiles of beaches with and without clams. 
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— ——Morina Beach 12/21/72 

— --—Moss Landing 12/18/72 

———- Salinas River 12/18/72 
Manresa Beach 12/20/72 


Feet Above Mean Sea Level 


(9) 50 100 150 200 
Distance (feet) 


== Marina . Beach 3/2/73 
—--——Moss Landing 3/1/73 
———Salinos River 3/2/73 

Manresa Beach 3/1/73 


Feet Above Meon Sea Level 


(0) 50 100 150 200 
Distance (feet) 


Figure 4. Profiles of beaches with and without clams—continued. 
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available energy, indicating the kinetic energy (velocity) of the 
depositing agent (i.e., waves) (Sahu, 1964). Beaches with a steep slope 
and large mean grain size represent a high energy beach; beaches with a 
gentle slope and smaller mean grain size represent a low energy beach. 
Therefore, the beaches without clams may be characterized as high energy 
beaches, and beaches with clams as low energy beaches. This does not 
imply a cause and effect relationship because additional parameters 
affect Pismo clam distributions. 


There was no significant difference in sorting coefficients between 
beaches with clams (0.55 +0.34) and beaches without clams (0.50 +0.28). 
The value of sediments ranged from well sorted to moderately sorted 
according to a verbal scale of sorting by Folk (1966). The higher the 
sorting coefficient, the poorer the sediment is sorted. Interestingly, 
there was significant correlation between the sorting coefficients and 
number of clams, with a higher number of clams associated with a higher 
sorting coefficient (Table 4). The highest correlation was found in the 
greater than 39-millimeter class range, which represented the first-year 
class of Pismo clams. 


5. Conclusions. 


There are correlations between grain size and slope of beaches with 
and without Pismo clams in Monterey Bay. Beaches with clams have a 
smaller grain size and beaches without clams have steeper slopes. 


IV. SEA OTTER PREDATION ON PISMO CLAMS 
1. Introduction. 


Sea otters (Enhydra lutris) were rarely observed in the Moss Landing 
area before the spring of 1973. After the arrival of a substantial 
number of otters during the spring and summer of 1973, broken Pismo 
clamshells were found on the surface of the sand in both intertidal and 
subtidal zones. Since Pismo clamshells are thick and resistant to 
breakage by the surf, the increase in the number of broken clamshells was 
probably due to the sea otters. The following September, a feeding rate 
was taken for the sea otters observed feeding on Pismo clams at Moss 
Landing. Densities of Pismo clams in this area were obtained during the 
presence of the sea otters and after departure the following fall. The 
effect of sea otters on the clam population was then estimated by 
comparing these densities with the estimates of clam density taken in 
1972. 


2. Methods and Materials. 


The density of Pismo clams was determined by methods described in the 
preceding section. Observations of the sea otters feeding on Pismo clams 
were made during September 1973, using a Bausch and Lomb 15-60X zoom 
telescope. During each observation, the time and location of feeding, 
estimated size of clam, and prey item were recorded. 
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3. Results. 


The size-frequency distribution of Pismo clams at Moss Landing is 
shown in Figure 2 and the densities in Table 1. The mean densities of 
the clams smaller than 47 millimeters long obtained on 11 July 1972, 

7 July 1973, and 11 October 1973, were tested for deviation with a 
Student-Newman-Keuls multiple range test (Woolf, 1968). The mean densi- 
ties did not deviate significantly. However, when clams larger than 

47 millimeters were compared, there were substantial differences in 
densities in the three time periods. There were 13 clams larger than 

47 millimeters long recorded on 11 July 1972, 9 on 1 July 1973, and none 
on 11 October 1973. Forty additional square-meter quadrats were sampled 
at Moss Landing on 10 December 1973, and no Pismo clams larger than 

47 millimeters long were found. 


Further evidence of the decline of Pismo clams coincidental with the 
appearance of feeding sea otters became available from the catch-per-unit 
effort observations in collecting clams for gonad studies. Most collec- 
tions before April 1973 were made within 15 minutes at Moss Landing with 
two divers collecting 20 subtidal clams within 45 minutes. Clams became 
progressively more difficult to obtain by the summer of 1973. By 
September, divers with 7 hours bottom time had obtained only one clam. 
Also, the sand bottom contained a large number of broken shells; before 
April 1973 broken shells were rarely observed. 


Clammers were interviewed during November and December 1973 and 
January 1974 to determine their success in obtaining legal-sized clams 
(larger than 126 millimeters long). Eleven clammers at Moss Landing dug 
13 workdays after the season opened in October and caught only one 
legal-size clam. The same 11 clammers took 137 legal-size clams in 12 
workdays the previous season. All the clammers interviewed stated that 
the clamming was the worst experienced at Moss Landing and some of the 
clammers had been clamming there for 20 years. 


Several direct observations were made of sea otters feedings on Pismo 
clams. On one occasion a single otter ate 24 Pismo clams and two mole 
crabs (Blephartpoda occtdentalits). The average estimated size of the 
clams consumed was 101 millimeters and the otter fed for 2 hours, 15 
minutes. On another occasion an otter fed on 14 Pismo clams and 37 mole 
crabs. The average size of the clams was estimated at 127 millimeters 
and the feeding period at 4 hours. The California Department of Fish and 
Game observed one otter consuming 22 Pismo clams in 3 hours, 45 minutes 
at Atascadero State Beach (Paul Wilde, 1973, personal communication). 


The density of otters varied at Moss Landing. At one time 10 otters 
were observed, but the number declined to 1 after 24 September 1973. 


4. Discussion. 


The interviews and estimated clam densities obtained by the catch-per- 
unit effort indicate a recent decline in the density of large clams at 
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Moss Landing. Observations of sea otters feeding on Pismo clams and the 
increase of broken clamshells on the beach strongly suggest the sea 
otters are the principal cause of the decline. 


Fortunately, there are still small clams at Moss Landing. In the 
past there have been enough clams for Moss Landing to be the mainstay 
of a commercial fishery for Pismo clams in Monterey Bay (Herrington, 
1930). Whether the population will return to prior levels will depend 
upon the satisfactory recruitment in future years from clam populations 
not depleted by the sea otters. 


Although the density of Pismo clams has declined at Moss Landing, 
the lowered density may be the more natural density. Before man exter- 
minated the sea otter from Monterey Bay and the early commercial fishing 
began, the otters may have fed upon Pismo clams with regularity, keeping 
the density at a lower level. 


5. Conclusion. 


During the spring and summer of 1973 sea otters feeding on Pismo clams 
were observed at Moss Landing, California. Densities of Pismo clams 
before the sea otter's arrival at Moss Landing and after their departure, 
catch-per-unit effort data in the collections of clams for reproduction 
study, and clammer interview data all indicate a decrease in the density 
of large Pismo clams at Moss Landing. Direct observations of the sea 
otters feeding on Pismo clams and the increase in broken clamshells on 
the beach suggest that sea otters were the principal cause of the decrease. 


V. REPRODUCTIVE CYCLE 
1. Introduction. 


Previous studies on the reproduction of Pismo clams covered southern 
California and several locations in Baja, California (Mexico) (Coe, 1947; 
Coe and Fitch, 1950). These studies suggest the reproductive cycle in 
Pismo clams is extended in the southern part of its range and somewhat 
restricted in the northern part. A restricted spawning season in the 
northern part of an animal's range, which is not uncommon in many inter- 
tidal animals (Giese, 1959), has also been found in the bivalves Mya 
arenarta (Ropes and Stickney, 1965) and Mercenaria mercenaria (Porter, 
1964). Since Monterey Bay is near the northern limit of the Pismo clam's 
range, there was concern that spawning would only occur during the 
warmest years or would not occur at all and the clams would depend on the 
recruitment of larvae from more southerly populations. Previous informa- 
tion concerning the reproductive cycle in Monterey Bay (Giese, et al., 
1967) showed the weight of the gonad increased during the spring, reached 
a maximum from June to September, and then rapidly decreased. No 
evidence was presented to show whether the clams spawned their gametes or 
resorbed them. The spawning of subtidal populations of clams which were 
found in large numbers at Zuma Beach (Fitch, 1965), Pismo Beach, and 
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Moss Landing were also of interest. If these populations are the major 
source of gametes, keeping them at the present level could prove essential 
in providing recruitment for the heavily clammed intertidal area. 


2. Methods and Materials. 


About 17 to 20 clams were collected each month from four locations to 
determine the degree of gonadal maturity. Clams were collected in the 
intertidal zones near the north end of Manresa Beach from November 1971 
to October 1973, and Moss Landing from February 1972 to October 1973, 
and the subtidal zones at Moss Landing from February 1972 to September 
1973, and Pismo Beach from June to October 1973. The clams were then 
taken to the laboratory and either processed immediately or put into 
running seawater and processed within 48 hours. In processing, the clam 
was removed from the shell and preserved in Formalin. A small block of 
tissue that included the gonad was later cut from the base of the foot, 
washed overnight in water, dehydrated with alcohol, saturated with 
paraffin, and poured into a mold. The mold was sliced into sections, 

7 micrometers thick, which were stained with eosin and haemotoxlyn and 
mounted on slides. The tissues were then examined ard separated by 

the stage of gonadal maturity, using a classification modified by Ropes 
and Stickney (1965). The classification called the gonad tnactive if 
the follicle was collapsed with no gametes (Fig. 5), early active if 
small oocytes had begun forming on the follicle walls (Fig. 6), late 
active if oocytes were rounded with well-developed nuclei and attached 
to the follicle walls (Fig. 7), mature or ripe if most oocytes were 
well developed and lying free within the follicle (Fig. 8), partly spent 
if the follicle was partially empty of mature oocytes (Fig. 9), and 
spent if the follicle was empty with the exception of residual oocytes 
(Fig. 10). Male gonads were not classified because of the extreme 
difficulty in recognizing the various maturation stages of the testes 
packed with deeply staining spermatozoa that obscured all detail. 


3. Results. 


a. Stages of Gonad Maturity. Examination of the histological prepa- 
rations of gonad tissue showed that female Pismo clams in Monterey Bay 
were in the early active stage from December to July (dominant from 
January to March, Table 6 and Fig. 11) and the late active stage from 
March to June (dominant in April and May, Fig. 12). The clams attained 
each stage about 1 month earlier in 1973 than 1972. Intertidal clams at 
Manresa Beach reached each stage 1 month earlier than intertidal clams at 
Moss Landing. Subtidal clams at Moss Landing remained in each stage 1 
month later. 


The ripe stage of the clams was from May to September (Fig. 13). 
Intertidal clams reached this state at Moss Landing 1 month later in 1973 
than in 1972, and at Manresa in May of both years. Subtidal clams at 
Moss Landing reached this stage 1 month later than intertidal clams from 
Moss Landing or Manresa Beach. Intertidal clams at Manresa and subtidal 
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Figure 5. Female gonad in the inactive stage 
(40X magnification). 


Figure 6. Female gonad in the early active stage 
(40X magnification). 
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Figure 7. Female gonad in the late active stage 
(40X magnification). 


Figure 8. Female gonad in the rtpe or mature stage 
(40X magnification). 
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Figure 13. 


clams at Pismo Beach developed into the ripe stage 1 month earlier than 
intertidal or subtidal clams at Moss Landing. 


The partly spent stage (Fig. 14) is important because it indicated 
onset of spawning and difficult to distinguish from the late active stage 
because in both stages the gonad was not completely full of eggs. Clams 
in the partly spent stage were found from May to December with the 
greatest occurrence from June to September (Fig. 15). 


The spent stage of the clam was dominate from October to December 
(Fig. 15) although some clams were found in this stage throughout the 
year. The few ova remaining in some of the ovaries were usually 
completely resorbed by April, with the exception of subtidal clams from 
Moss Landing. In these clams the ova persisted longer and, in a few 
cases, were found in clams that were in the early stage of gametogenesis. 


The inactive stage predominated from December to March but some 
clams were in this stage from October to May (Fig. 16). 


b. Sex Ratio and Size at Maturity. Of the 289 clams examined, 142 
were male, 144 were females (Fig. 17), and 3 were hermaphroditic. The 
small clams (less than 44 millimeters) and the large clams (more than 
44 millimeters) have a sex ratio that is not significantly different from 
1:1 (chi square, 0.50<P<0.30) suggesting that sex, once determined does 
not change with age. 


Most clams reached sexual maturity at a length of 20 millimeters 
(Fig. 17); however, one clam reached this maturity when 13 millimeters 
long. 


c. Hermaphroditism. Although three hermaphrodite clams (Fig. 18) 
were found during the study, an analysis of the rate of occurrence of 
hermaphroditism was not made. A complete cross section of the foot 
would have to be examined to adequately check for hermaphroditism since 
usually only a few follicles are of the opposite sex (Coe, 1947). 


4. Discussion. 


The main spawning period of Pismo clams at Pismo Beach and Monterey 
Bay occurred during September and October with some occurrences from June 
to August. Similar results on Pismo clams at San Diego were obtained by 
Coe (1947). The results were in contrast to the late spring or summer 
spawning common in the family Veneridae. Ansell (1961) reported that 
spawning in the European clams, Venus orata and Venus castna, occurred in 
May, Venus fasetata from February to July, and Venus strtatula in summer. 
Mercenarta mercenarta, the northern quahog, spawns in summer (Loosanoff, 
1937; Porter, 1964), Venerupts japonica and Protothaca staminta on the 
coast of British Columbia, spawn in. late spring (Quayle and Bourne, 1972), 
the European Venus pullastra spawns in June (Quayle, 1952), and Saxtdomus 
gtganteus, smooth Washington clam species, spawns in April and May 
(Fraser and Smith, 1928). 
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A similar late spring or summer spawning period has also been reported 
for many other Pacific coast bivalves including Ostrea lurtda, an Olympia 
oyster, (Coe, 1932), Donax gouldi (Coe, 1953), Pododesmus cepto (Leonard, 
1969), Stltqua patula, a razor clam, (Quayle and Bourne, 1972), and 
Clinoecardium nuttallt, a Nuttall's cockle, (Quayle and Bourne, 1972). 

A rarer midwinter spawning period has been reported for Mytilus edulis, 
a common mussel, (Moore and Reish, 1969) and Mytilus californicus, a 
California mussel, (Young, 1942). 


The common occurrence of late spring or summer spawning when the water 
temperature is near its maximum, suggests that temperature may be an 
important factor in governing the reproductive cycle. Orton (1920) and 
Nelson (1928) first suggested that each species had a critical minimum 
temperature requirement and would not spawn below it. The importance of 
water temperature during spawning was further indicated by Loosanoff and 
Davis (1963) who conditioned many bivalve species for out-of-season 
spawning at various times of the year. 


Sufficient food was also found to be a necessary requirement for 
gametogenesis and spawning (Sastry, 1966, 1968). Food for the Pismo 
clam was studied by Coe (1947) who found the clams digesting naked 
dinoflagellates, small diatoms, and detritus. He suggested that most of 
the phytoplankton ingested was not fully digested, and that the principal 
source of nutrition was detritus. The latter suggestion seems consistent 
with the food habits of other sand beach organisms, i.e., Emerita analoga, 
a mole crab, and Blephartpoda occitdentalts, a spring sand crab, and 
Suggests the reason for the concentration of clams in the surf zone with 
the greatest detritus concentration. 


To correlate between the gonadal cycle of the Pismo clam and both 
water temperature and food data, temperature, chlorophyll a, phaeo- 
pigment and stage of gonadal maturity data were compiled on a monthly 
basis and are given in Table 7. Chlorophyll a was used as an indicator 
of phytoplankton standing crop; phaeo-pigment may be an indicator of 
phytoplankton detritus (Lorenzen, 1967) although its real significance 
is uncertain. Temperature, chlorophyll a, and phaeo-pigment increased 
during the months from February to June (Table 7). If an increase in 
phytoplankton pigment indicates an increase of utilizable food for Pismo 
clams, the clams may use this increase for development of their gonads. 
Clams require a substantial amount of energy since the gonad increases 
from 12 percent of the body tissue weight in January to 28 percent in 
September (Giese, et al., 1967). Other sources of food, such as 
macro-algae detritus, that are nonplanktonic in origin may be important 
in supplying the necessary energy for gonad development but estimates of 
their abundance or seasonal variations are not available. 


Most of the gametes are shed in September and October when the water 
temperature and values of chlorophyll a and phaeo-pigment have reached a 
fall maximum. Spawning may be triggered by the increase in food or 
temperature in the fall; however, other factors may also be important, 
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i.e., lunar periodicity (Korringa, 1947; Mason, 1958, Mileikovsky, 1970), 
or various dissolved organic substances (Galtsoff, 1961). Regardless of 
what triggers spawning, it is advantageous for the clams to spawn in the 
fall so their pelagic larvae will have food from the fall phytoplankton 
bloom. 


Coe and Fitch (1950) reported that Pismo clams in Baja, California 
(Mexico) have an extended spawning season compared to the clams at San 
Diego and Pismo Beach; however, length of Spawning season does not 
decrease from San Diego to Monterey Bay. Most gametes are shed in 
September and October at San Diego (Coe, 1947), Pismo Beach, and Monterey 
Bay, even though Monterey Bay is near the northern limit of their range. 
The average temperature difference between San Diego and Pacific Grove, 
California, for the spawning months of September and October is 4. 82S 
Celsius (range 2.61 to 6.99), which is based on daily temperatures taken 
over an 18-year period (U.S. Department of Commerce, 1956). Therefore, 
Pismo clams spawn at different temperatures at the two locations, 
suggesting that there is not a single critical spawning temperature for 
all populations of Pismo clams. However, it does not rule out the 
possibility that the clams may spawn in response to yearly maximum 
temperatures occurring in September and October. The spawning season at 
San Diego may be delayed because spawning is governed by temperature 
changes over the year. Another possible explanation is that different 
populations of Pismo clams, as well as the eastern oysters, Crassostrea 
virginica (Loosanoff, 1969), are genetically adapted to spawning at 
different temperatures. 


In Monterey Bay (Fig. 17) and San Diego (Coe, 1947), the Pismo clams 
first develop mature gonads at about 20 millimeters in length. However, 
because of a higher growth rate of juvenile clams at San Diego, clams 
develop mature gonads their first summer in San Diego (Coe, 1947) and 
their second summer in Monterey Bay. This rapid maturity is .in 
contrast with other Pacific coast bivalves, such as the smooth 
Washington clam which matures when it is from 3 to 5 years of age and 
40 millimeters long, and Nuttall's cockles which matures at 2 years of 
age anc 40 millimeters long (Quayle and Bourne, 1972). 


Pismo clams were first thought to be hermaphroditic (Weymouth, 1923), 
but Coe (1947) later determined the clams were dioecious with less than 
1 percent hermaphroditic. Samples from Monterey Bay and Pismo Beach 
showed that less than 1 percent were hermaphroditic. Occasional 
hermaphrodites are not uncommon in dioecious bivalves (Loosanoff, 1936; 
Ropes, 1966). The sex ratio of Pismo clams in Monterey Bay was not 
Significantly different from 1:1 in large (more than 44 millimeters) and 
small (less than 44 millimeters) clams. Coe (1947) found 1.2 females to 
1 male in large clams in San Diego, which was also not significantly 
different from a 1:1 ratio. 
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5. Conclusions. 


Gametogenesis begins in February and most clam gonads are in the ripe 
Stage by May or June. Although most remain in this stage throughout the 
summer, some partial spawning does occur. Complete spawning occurs 
mainly during September and October in Monterey Bay and Pismo Beach. 

Clam gonads reach an earlier ripe stage at Manresa Beach and Pismo Beach, 
and a later ripe stage at the subtidal Moss Landing station. Intertidal 
Moss Landing clams reach the ripe stage at an intermediate time. 
Gametogenesis and time of spawning may be correlated with water tempera- 
ture and phytoplankton abundance in Monterey Bay. The sex ratio for 

large and small clams did not differ significantly from 1:1. Clams mature 
when 20 millimeters long in Monterey Bay and San Diego, but because of 
higher growth rates of juvenile clams at San Diego, the clams at Monterey 
Bay ripen 1 year later than clams at San Diego. 


VI. AGE AND GROWTH 
i introduction: 


The first studies of the growth of Pismo clams were done at Pismo 
Beach by Weymouth (1923), who noted the existence of age classes in 
size-frequency plots and demonstrated the existence of rings in the shell 
which he assumed to be annual rings. He also drew the first growth curve 
for the species. Herrington (1930) confirmed Weymouth's work and added 
data from other locations, including Monterey Bay. The most recent study 
of growth in Pismo clams was done by Coe and Fitch (1950) who monitored 
5 years of growth in several southern California populations and noted 
fluctuations in the populations. Until this study, the growth in Pismo 
clams had not been investigated for more than 20 years. 


This study had two major objectives: (a) Establish the growth rates 
of different-sized clams in the natural environment in Monterey Bay and 
from that, construct a generalized growth curve, and to provide an 
independent assessment of the validity of annual growth rings in Pismo 
clams which were used by three previous investigators to assess age 
structure and growth; and (b) determine the age structure of natural 
populations of intertidal clams in Monterey Bay. 


2. Methods and Materials. 


Several methods were used to hold marked clams for growth studies. 
To determine growth rates of different-sized clams, individual clams 
were marked with a unique number, the length measured, and returned to the 
beach. Pismo clamshells are exceedingly thick, so a permanent number was 
engraved in the outer shell with an engraving tool. Over the 2-year 
period, a total of 997 clams were marked. 


The first group of 161 marked clams was established on 29 February 
1972 at Moss Landing at a depth of 10 feet below mean lower low water (MLLW). 
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The area was marked by fence anchors at each corner of a 20-square-foot 
area. Erosion of the bottom destroyed the markers soon after establish- 
ment, and the location of the bed was lost for 5 months. The bed was 
rediscovered the summer of 1972, and only 34 clams were recovered by 
September. A second subtidal bed of 95 clams was then reestablished on 
19 December 1972, using larger fence anchors and smaller buoys to mark 
the location. This bed was located 15 feet below MLLW to avoid losses 
from wave action. However, only eight marked clams were recovered from 
this bed on 22 February 1973, and no further recaptures were made. 


The most successful study site was established at the -1.0-foot tide 
level in the intertidal zone in front of the Moss Landing Marine 
Laboratories. The site was marked with a fence anchor and planted with 
108 marked clams on 19 April 1972 and an additional 42 clams on 17 May 
1972. On 30 June 1972, 26 clams were recovered and remeasured. 


The intertidal bed was sampled several times after June 1972, and 
growth data were obtained for five periods: 17 May to 30 June (44 days), 
30 June to 9 August (40 days), 11 August to 28 September (48 days), 

28 September to 26 October (28 days), and 26 October to 21 November 
(26 days). 


The bed was resampled on 21 December 1972, and 21 marked clams were 
recovered, remeasured, and returned to the bed, with an additional 117 
newly marked clams and 17 marked clams which had become too large for the 
pails at the pier. A total of 165 clams was returned to the intertidal 
bed. 


On 18 January 1973, the bed was sampled again, and only 25 clams 
recovered. In the interval between the December and January sampling, 
storms had increased the sand depth more than 1 foot in the intertidal 
bed which probably accounted for the few recoveries. 


After more storms, the intertidal bed was sampled again on 15 February 
1973, and only six marked clams were recovered. However, conditions were 
poor for sampling. An additional 37 marked clams were added to the bed. 


In March, no clams were recovered from the intertidal bed because of 
unfavorable tides and weather. Extremely heavy wave action between 
mid-February and mid-March changed the beach contours at Moss Landing 
where the intertidal bed was located. The primary change was a 3-foot 
decrease in sand depth, which probably caused the loss of many clams. 


On 10 April 1973, 27 clams were recovered, remeasured, and returned 
with an additional 72 clams. On 8 May 1973, 45 clams were recovered and 
remeasured, and returned with 90 newly marked clams. Seventy-nine clams 
on 3 June 1973 and 40 clams on 3 July 1973, were recovered, remeasured, 
and returned. 


Another method of obtaining growth data was to suspend a rack with 
measured clams and sand in two 5-inch plastic tubes from the end of 
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Sandholt Pier at Moss Landing, 2 feet below MLLW. On 19 May 1972, 29 
small clams (14.1 to 35.4 millimeters long) were placed in the tubes and 
retained in 2-millimeter-mesh covers. When the clams were recovered on 
30 June 1972, some had been killed by fouling organisms which were 
attracted to the mesh and had cut off water circulation to the interior. 
The surviving clams were remeasured, the others substituted, and the 
tubes were replaced by two plastic buckets without the mesh covering. 


On 20 December 1972, 33 small clams were recovered from these buckets. 
The largest 17 clams were placed in the intertidal bed, and the other 
16 were returned to the buckets with 98 newly marked small clams. 


On 20 January 1973, it was discovered that the cables had been cut 
by vandals and the buckets lost. Ten days later, the buckets were 
replaced with 64 clams in special racks at two new locations near the 
pier. On 22 February 1973, it was determined that the waves had released 
the buckets, losing all clams. A similar attempt in March met with the 
same fate. The buckets with 34 clams were reestablished in strong metal 
frames on 9 April 1973. On recovery, 8 May 1973, it was found that all 
but one small clam had apparently been killed by two crabs that had 
entered the buckets. An additional 50 newly marked clams were placed 
in the buckets and covered with mesh to prevent entry of crabs. This 
method worked well. Fifty clams on 3 June 1973 and 44 clams on 3 July 
1973 were recovered, remeasured, and returned. 


Because of the small number of recoveries at each time interval from 
the individual growth areas, and because of the losses due to weather and 
vandalism, the data from each measurement period were combined. Therefore, 
all recaptures from the intertidal, subtidal, and bucket sites were used 
to figure rates for any given interval of calculated growth rate. 


However, reasonable data were salvaged from the following time 
intervals: 30 June to 9 August 1972; 11 August to 28 September 1972; 
28 September to 26 October 1972; 26 October to 20 November 1972; 10 April 
to 8 May 1973; 8 May to 3 June 1973; and 3 June to 3 July 1973. 


The data were analyzed in several ways. Plots of growth increment 
against initial size were subjected to linear-regression analysis. Since 
the time intervals in days were different among the sampling periods, the 
instantaneous growth rate (Kg) was calculated for each interval (Simpson, 
Roe, and Lewoutin, 1960). 


Finally, the age structure of the clam population at Monterey Bay 
Academy was assessed, using a graphical analysis of size-frequency data. 
This method (Harding, 1949; Cassie, 1954) involved plotting cumulative 
percentages of each size clam on probability paper, and resolving the 
result into the means and standard deviations of the age groups in the 
population. 
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3. Results and Discussion. 


The results of the regression analysis of the seven growth periods 
are given graphically in Figure 19. The arithmetic instantaneous growth 
rate (Kg) for each of the periods is given in Table 8 and Figure 20. 


The seven regression lines are straight and represent a linear- 
regression analysis. Growth in most biological systems is generally 
found to be an exponential function best fitted by a curved line. Since 
it was not apparent by observation of scatter diagrams whether the results 
were best filled by a linear or exponential function, both linear and 
curvilinear regressions on all data were run and compared with the 
correlation coefficients. All the correlation coefficients from 
rectilinear and curvilinear were so close that it appeared to make no 
difference. Therefore, the linear analyses were chosen for presentation. 


In many growth studies, the growth rate is uniform except among the 
youngest and oldest clams where the rate is accelerating or decelerating. 
When the data are plotted, a typical sigmoid growth curve is produced. 
Since growth measurements of clams below 12 millimeters and above 125 
millimeters in length were lacking in regions where rapid growth rate 
changes occurred, the data fit a linear regression. Typical curved 
growth lines were reported for Pismo clams by Weymouth (1923) and Coe and 
Fitch (1950), but examination of the graphs indicated that the growth was 
essentially linear between 10 millimeters and 110 millimeters, the range 
of most length measurements. 


The seven regression lines were all significantly different from 0 
and showed a negative slope, indicating a decrease in growth increment 
with an increase in size (= age). 


To determine if the growth rates for all clams differed at different 
times of the year, two separate analyses were run. First, the slope (b 


of each regression line against the slope of the other regression lines 

of that year was tested to see if there was a significant difference. 

Two tests were used, F and t (Sokal and Rohlf, 1969). Results of 

the tests indicated a significant difference (P = less than 0.05) between 
the following paired intervals: 30 June to 9 August 1972 and 11 August 

to 28 September 1972; 30 June to 9 August 1972 and 26 October to 20 November 
1972; 11 August to 28 September 1972 and 26 October to 20 November 1972; 

28 September to 26 October 1972 and 26 October to 20 November 1972; 

8 May to 3 June 1973 and 3 June to 3 July 1973; and 10 April to 8 May 1973 
and 3 June to 3 July 1973. The growth rate of the Pismo clam in Monterey 
Bay, as illustrated in the analysis of the mean daily growth rate, Kg, 

was not constant throughout the year. The mean daily growth rate varied 
considerably over the course of the year (Table 8 and Fig. 20). The 
highest rates occurred in the summer and early fall, and the lowest in 
late fall and spring. The meager existing data suggest that the growth 
rate is low in the winter. Coe and Fitch (1950) found that the growth 
rates were lowest from November through February and highest in the summer. 


yor) 
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Table 8. Calculation of Kg, the mean daily arithmetic 
growth rate for seven time periods in 1972-73. 


time period [ays] n_ | x | ¥_[ke m/aay 


1972 


1973 


1. Mean growth increment. 
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Herrington (1930) also showed that growth slowed in the winter and led to 
formation of rings in the shells. 


Since the Pismo clam has one major spawning season per year, year 
classes in the adult population can be identified. Theoretically, the 
year classes should be apparent as modes in a size-frequency graph. The 
modes may be resolved by graphical analysis on probability paper (Harding, 
1949; Cassie, 1954) to estimate the mean size and standard deviation of 
the component year classes. 


On 12 October 1973, 71 quadrats (1 square meter) were taken at 
Monterey Bay Academy and 303 Pismo clams were collected and measured. 
The clams were grouped by length in 4-millimeter-size classes, a size- 
frequency diagram was prepared, and the modes were resolved into component 
age classes on probability paper. The results are given graphically in 
Figure 21. Five groups were found which were assumed to represent five 
age classes. 


Herrington (1930) and Coe and Fitch (1950) calculated ages of clams 
at various lengths; Herrington, by counting the annual rings in the shell, 
and Coe and Fitch, by actual measurement of marked clams. Only Herrington 
reported the average sizes for the age classes in Monterey Bay. Comparison 
of the results of this study with Herrington and Coe and Fitch is given 
in Table 9. The means of the length (age) do not agree. The large 
disagreement in year class V is easily explained. Few clams over 110 
millimeters in length were obtained to validate mean and variance which 
was believed due to the heavy clamming pressure which cropped off every- 
thing near the legal limit of 126 millimeters. A single clam of legal 
size or above was not collected, indicating the clams were probably 
removed by clammers each year. Therefore, what is designated as class V 
with a mean of 120 millimeters is probably a combination of all the 
survivors of older age classes. The 120 millimeters average is simply 
an average of all the age classes greater than class IV. 


The year class I, with a mean length of 11 millimeters, represents 
clams spawned in 1972 and their first year. The clam's average size is 
less than reported by Herrington for Monterey Bay and Coe and Fitch for 
La Jolla, but well within the range reported for Pismo Beach (Table 9). 
A similar situation prevails for classes II and III. The mean length 
of class IV appears to be greater than that at La Jolla or Monterey Bay. 
However, there is an extremely large spread in Herrington's data. 


Four age classes are believed to be present at Monterey Bay Academy 
and a fifth size class comprising the few representatives of all clder 
classes. The growth rate of clams in Monterey Bay is also slower than in 
more southern localities. 


4. Conclusions. 


Small Pismo clams in Monterey Bay grow at greater rates than large 
clams at all seasons of the year. The rates of growth for all clams vary 
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during the year and are highest in summer and fall and lowest in late 
fall and spring. The age structure of the clam population at Monterey 
Bay Academy is comprised of five classes, four of which appear to 
represent year classes. 


VII. SUMMARY 


1. Pismo clams in Monterey Bay are distributed between the Salinas 
River mouth and Santa Cruz. There are no clam beds south of the Salinas 
River. 


2. The highest densities of clams occur in the intertidal zone or 
in the shallow subtidal zone. There were no extensive subtidal clam 
beds. 


3. Intertidal Pismo clams appear as high as +2.6 feet above MLLW and 
the different size classes do not show a vertical separation. 


4. The dispersion pattern of most intertidal clams is random. 


5. The presence and absence of clams on beaches are statistically 
correlated with the slope of the beach and the grain size. Clams are 
found in beaches with slight slopes and smaller grain sizes. 


6. Pismo clams have a 1:1 sex ratio and mature in their second year 
at about 20 millimeters in length. 


7. The principal spawning period for Pismo clams in Monterey Bay is 
September and October. Some spawning also occurs during the summer 
months. 


8. Juvenile Pismo clams grow more rapidly than adults at all times 
of the year. 


9. The growth rate of clams varies at different times of the year. 
Growth is more rapid in late summer and early fall than in spring and 


later raulgle 


10. The growth rate is slower in Monterey Bay than southern 
California. 
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APPENDIX 


STATISTICAL TESTS 


1. Chi-square Test. 


The chi-square test is a nonparametric test used to determine the 
significance of differences between two sets of data which consist 
primarily of frequencies. This includes "goodness-of-fit" tests 
concerned with testing whether observed sample frequencies fit a theore- 
tical or hypothetical frequency. In this report all uses of chi square 
have been for goodness-of-fit. 


The variance to mean ratio (s*/x) should be one for a random distribu- 
tion, less than one for a regular distribution, and greater than one for 
a clumped distribution. The formula for testing the variance to mean 
ratio is: 


2 2 See 


X 
x 
where: s? = variance 
X = mean 
n = number of observations. 


Significant deviation from a random distribution is determined from a 
nomogram in Elliott (1971). 


Chi square was also used in a second test to determine if the clam sex 
ratios differed from a theoretical frequency of one to one or 50 percent 
males and 50 percent females. In this case the formula for chi square is: 


2 


Og AE 


e 
where: o = observed frequency 
e = expected frequency 
The chi square is then compared to a table for one degree of freedom at 
the selected level of rejection (usually 5 percent). A value of chi square 


exceeding the tabled value is evidence of a significant deviation from the 
theoretical value. 
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2. One-way Analysis of Variance. 


This is a parametric statistical test which tests for differences 
among more than two groups of samples classified by a single criterion, 
e.g., to see if more of the total variability in the data is among the 
several different samples or within the individual samples. A signifi- 
cant difference means that more of the variability is among groups 
rather than within groups. 


The significant test used was an F test, a test of variance. This 


test was used. because testing was one among several groups, and there 
were few tests outside of analyses of variance which were available to 


do such tests. 


Formulas for the test are: 


Source of Degrees of 


variation freedom Sums of eduate Mean square 
n 2 2 
Among group Call oF a) a (Cie z "y) oe 
Mic n c-1 
4 
ee SS 
Within group n-¢ Total-among group aa 


CoS Dn (Guay) e zy Nyy) 2 


Total n-1l Lh Ly 
n 
where: c = number of columns 
n = number of observations 


The test is an F test where: 


_ Mean square among group 
Mean square within groups 


F is compared to tabled F values for the appropriate degrees of 
freedom. An F value exceeding the tabled value indicates significant 
differences among groups. 


3. Student-Newman-Keuls Multiple Range Test. 


This an a postertort step-wise test used to measure differences among 
several means. It differs from the one-way analysis of variance by 
testing means not variances, and is used after the analysis of variance 
has indicated the need for the test. 


62 


The test was used to check groups of stations for differences in mean 
densities after the analysis of variance had indicated that the stations 
differed. This test refined the analysis of variance by finding groups 
of densities which were different from others. This could not be done by 
the analysis of variance which merely indicated differences among all 
stations as a group. 


Formulas for this test are: 


S_ =) /Mean square within 
Y n 


X S= 
‘ Y 


iH] 


LSR (for k groups) 


I 


where: mean square within the mean square from 
analysis of variance and 
n is the number of 


replicates per group. 


Q = studentized range taken 
from a table such as U 
in Sokal and Rohlf, 1969. 


It is also necessary to subtract each mean from each other one and 
compare with LSR figures. Values exceeding the LSR figure are an 


indication of significant difference. 


4. Mann-Whitney U_ Test. 


This is a nonparametric test used to test the differences between two 
sets of samples, and if two independent samples could have been drawn from 
the same population. It is the nonparametric alternative to a parametric 
t test and is used if the data being tested are not from a normally 
distributed population. 


This test was used in comparing clams on two beaches because it was 
uncertain the clam populations were normally distributed. 


Formulas for this test are: 


ae n, (mn, +1) 4 
a2 2 1 
where: DS number of observations in group 1 
hs number of observations in group 2 
R. = sum of the ranks assigned in group 1 
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After calculation of U, the calculation of U' is made. The larger 
of two values is used as the test statistic. It is compared to a table 
of U values, and if the calculated value exceeds the tabled value at 
the selected level of probability, this is taken as evidence of a 
significant difference between the two groups. 


5. Spearman Rank Correlation. 

This is a nonparametric test which measures the association or 
correlation between two variables. It is the nonparametric equivalent 
of the parametric correlation coefficient and is used if the variables 


under consideration are not normally distributed. 


The test was used because of the assumption that the abundances of 
clams and the sediment parameters were normally distributed. 


The formula for this test is: 
6rd; 2 
3 N3-N 


the squared difference in two ranks 


where: 


d. 2 
i 


N 


iT] 


total number of paired observations 


The Spearman rank coefficient, r_, calculated as above, is then 
compared to a tabled value. If the calculated r_ exceeds the tabled 
i value at the appropriate level of probability it is taken as evidence 
of a significant correlation. 


6. Linear Regression. 

This is a parametric analysis which measures how much increase or 
decrease in one factor may be expected from a unit increase in the other. 
The results of a regression analysis are given in the form of an 


equation which relates one variable to the other. The general form of the 
regression equation is: 


where: 
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Y = dependent variable 
a= Y intercept at x = 0 


b 


slope of the line 


x = independent variable 

The calculation in linear regression is for b and for a. 

This analysis in growth was used because it is the best way to 
establish fits for scatter diagrams which relate growth increment to 
initial size. 


The formulas used to establish the equation are: 


ry - 2x).@y) 
n 
b = 
yrn 2 
Ex? - eesy 
n 
a=Y-b x 
yx 


where Y and X are the means of the respective variables. 
Tests of significance in regression involve testing b values to see 


if they are different from 0 or any other b value. These tests are 
best accomplished with t tests by: 


where Sy = standard error of the regression coefficient. 


A t value greater than the tabled t value at the appropriate level 
of probability is evidence of a significant difference. 
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